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(57) Abstract 

A method of creating a wellborc in an underground formation is provided 
the method comprising drilling a borehole (I) in the underground formation (3) 
lowering a casing (5) of a malleable material into the borehole, said casing being 
radially expansible against the borehole wall upon application of a radial load (7) 
and having a smaller elastic radial deformation than the surrounding formation 
upon apphcation of said load. The radial load is applied to the casing thereby ra- 
dially expanding the casing against the borehole wall so as to induce a compres- 
sive force between the casing and the surrounding formation. 
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METHOD OF CREATING A WELLBORE IN AN UNDERGROUND FORMATION 
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The invention relates to a method of creating a wellbore in an 

underground formation, for example a wellbore for the production of 

oil or gas. Generally, when a wellbore for oil or gas production is 

created, a number of casings are installed in the borehole to 

prevent collapse of the borehole wall and to prevent undesired 

outflow of drilling fluid into the formation or inflow of fluid 

from the formation into the borehole. The borehole is drilled in 

intervals whereby each casing is installed after drilling a next 

interval, so that a next casing to be installed is to be lowered 

through a previously installed casing. In a conventional method of 

creating a wellbore the outer diameter of the next casing is 

limited by the inner diameter of the previously installed casing in 

order to allow lowering of the next casing through the previous 

casing. Thus, the casings are nested relative to each other, with 

casing diameters decreasing in downward direction. Cement annuli 

are provided between the outer surfaces of the casings and the 

borehole wall to seal the casings from the borehole wall. As a 

consequence of the nested arrangement of the casings, a relatively 

large borehole diameter is required at the upper part of the 

wellbore. Such a large borehole diameter involves increased costs 

due to heavy casing handling equipment, large drill bits and 

increased volumes of drilling fluid. Moreover, increased drilling 

rig time is involved due to required cement pumping and cement 

hardening. 

It is an object of the invention to provide a method of 

creating a wellbore in an underground formation, which method 

eliminates the need for a relatively large borehole diameter in the 

upper part of the wellbore and thereby overcomes the disadvantages 
of the conventional method. 
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In accordance with the invention there is provided a method of 

creating a wellbore in an underground formation, comprising 

drilling a borehole in the underground formation,  lowering a casing 

of a malleable material into the borehole, said casing being 

radially expansible against the borehole wall upon application of a 

radial load and having a smaller elastic radial deformation than 

the surrounding formation upon application of said load, and 

applying said radial load to the casing thereby radially expanding 

the casing against the borehole wall so as to induce a compressive 

force between the casing and the surrounding formation. After 

applying the radial load, the casing contracts slightly radially 

due elastic relaxation. However, the elastic radial deformation of 

the formation does not completely vanish following the relaxation 

due to the elastic radial deformation of the formation being larger 

than the elastic radial deformation of the casing. As a result 

thereof, a compressive force remains between the casing and the 

formation after relaxation, which compressive force ensures the 

casing being sealed to the formation. Thus, cement annuli are no 

longer required to seal the casing to the formation. Furthermore, 

it is achieved that casings of uniform diameter can be applied in 

the wellbore. By expanding the casing in the borehole the outer 

diameter of the next casing to be installed is not limited by the 

inner diameter of the previous casing before expansion thereof so 

that a nested arrangement of the casings is not required. It is to 

be understood that the casing being made of a malleable material 

implies that the casing material is capable of sustaining plastic 

deformation. 

When a steel casing is applied, such casing normally has a 

smaller elastic radial deformation than the surrounding formation 

when the casing is expanded against the borehole wall by 

application of a radial load to the casing. 

Preferably the material of the casing is capable of sustaining 

a plastic deformation of at least 25% uni-axial strain, so that the 

casing can be sufficiently expanded in the borehole without rupture 

of the casing material. 
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Advantageously the casing forms an intermediate casing located 

between a surface casing arranged in an upper part of the wellbore 

and a production casing arranged in a lower part of the wellbore. 

When washouts occur in the borehole during drilling thereof, 

5        or when brittle formations are encountered, it can be desired to 

pump a sealing material in a fluidic state between the casing and 

the borehole wall prior to applying said radial load to the casing. 

For example, cement can be pumped in the annular space around the 

casing, which cement is allowed to harden after the casing has been 
10 expanded. 

Plastic deformation of the casing can be promoted by heating 

the casing during radial expansion thereof. 

A suitable casing joint to be employed for interconnecting two 

adjacent casings includes a section of a first casing provided with 

15        internal annular ribs having an inner diameter slightly larger than 

the outer diameter of a section of a second casing which extends 

into said section of the first casing. During expansion of the 

casing joint, the second casing is pressed against the ribs of the 

first casing whereby a metal to metal seal is achieved between said 

20        sections of the first and second casing. The ribs allow for some 

axial contraction of the second casing during radial expansion 

thereof. 

An increase of speed of installing the casing in the borehole 

can be achieved by providing the casing continuously from a reel 

25       onto which the casing is stored before being lowered into the 

borehole, and unreeling from the reel during lowering into the 

borehole. 

Furthermore, a considerable reduction of time and costs is 

achieved when the casing which is expanded in the borehole is also 

30       used as a drill string to drill the borehole. When for example the 

borehole is drilled using a tubing which is unreeled from a reel 

and to which a downhole motor drivinr a drill bit is connected 

(so-called coiled tubing drilling),   ne tubing can be expanded in 

the borehole to form a casing. The downhole motor and the drill bit 

35        remain in the borehole after expansion of the tubing. 
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The invention will now be described in core detail and by way 

of example, with ref rence to the accompanying drawings of which 

Fig. 1 shows schematically a longitudinal section of a 

borehole in an underground formation and a casing lowered into the 
borehole; 

Fig. 2 shows a hydraulic expansion tool in an unexpanded state 

positioned in a lower section of the casing of Fig. 1; 

Fig. 3 shows the expansion tool in an expanded state; 

Fig. 4 shows shows the expansion tool in the unexpanded state 
as the tool is moved to a next location; 

Fig. 5 shows the the expansion tool in the expanded state at 
the next location; and 

Fig. 6 shows an expander which is being moved through the 
casing. 

Referring to Fig 1, there is shown a borehole 1 which has been 

drilled in an underground formation 3, and a steel casing 5 

positioned concentrically in the borehole 1. The casing 5 is 

cylindrical and has a circular cross-section with an outer diameter 

smaller than the diameter of the borehole 1. 

After the casing 5 has been lowered into the borehole 1, a 

hydraulic expansion tool 7 is lowered in an unexpanded state into a 

lower section of the casing 5, as shown in Fig. 2. The expansion 

tool 7 is connected to a surface pumping facility (not shown) by 

means of a hydraulic conduit 9. The cool 7 is expanded by operating 

the surface pumping facility thereby pumping hydraulic fluid 

through the conduit 9 and into the expander 7. as shown in Fig. 3. 

Pumping is stopped when the casing 5 at the location of the 

expansion tool 7 is expanded to an internal diameter slightly 

larger than the diameter of the borehole 1 as drilled. During 

expansion of the casing 5 against the borehole wall 4, the casing 5 

undergoes elastic and plastic radial deformation, and the formation 

3 surrounding the borehole 1 undergoes at least elastic radial 

deformation. It is to be understood that the elastic radial 

deformation of the casing 5 is significantly smaller than the 

plastic radial deformation thereof, and that the elastic radial 
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deformation of the surrounding formation 3 is significantly larger 

than the   lastic radial def rmation of the casing 5. After 

expansion of the casing 5 against the borehole wall 4, the 

hydraulic pressure in the tool 7 is removed allowing the tool 7 to 

contract to the unexpanded state, and allowing some elastic 

relaxation of the casing. The plastic deformation of the casing 5 

remains, so that the elastic deformation of the underground 

formation 3 in the vicinity of the borehole wall 4 also remains. 

Thus, a compressive force remains between the casing 5 and the 

formation 3 due to the remaining plastic deformation of the 
casing 5. 

As shown in   Figs 4 and 5, after a lower section of the casing 

5 has been radially expanded in this manner the expansion tool 7 is 

moved upward through the casing 5 in the unexpanded state and 

positioned at a next section of the casing 5, whereafter the tool 7 

is expanded in order to expand the casing 5 similarly as described 

above. In this manner the casing 5 is expanded stepwise until the 

whole casing 5 has been radially expanded. Drilling of the wellbore 

1 then proceeds using an underreamer drill bit (not shown), 

whereafter the next casing (not shown) is lowered through the 

previously expanded casing 5 to the newly drilled section of the 

wellbore 1. 

The expander 22 shown in Fig. 7 can be used as an alternative 

to the hydraulic expansion tool 7. When the expander 22 is pushed 

downward through the casing 20 by an axial force F, the casing 20 

is expanded to conform to the outer diameter of the expander 22, 

which outer diameter is selected such that the desired plastic 

radial deformation of the casing is achieved. By rotating the 

expander 22 during its movement through the casing 20 the axial 

friction between the expander 22 and the casing 20 is reduced. A 

further reduction of axial friction is achieved when the expander 

22 is provided with rollers (not shown) which are capable of 

rolling along the inner surface of the casing 20 when the expander 

22 is rotated, and by-simultaneously rotating and axially moving 

the expander 22 through the casing 20. Radial deformation of. the 
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casing 20 can be promoted by applying an internal pressure to the 

casing 20 when the expander 22 is moved thro'igh the casing 20. 

In an alternative embodiment of th   method according to the 

invention, a section of the interior of the casing in which a fluid 

is present is closed by means of two packers, whereafter the fluid 

is pressurised until the desired radial expansion of the casing is 

achieved. The alternative embodiment can also be used in 

conjunction with expansion by means of the hydraulic expansion tool 

or the expander described hereinbefore. 
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CLAIMS 

1. A method of creating a vellbore in an underground formation, 

comprising drilling a borehole in the underground formation, 

lowering a casing of a malleable material into the borehole, said 

casing being radially expansible against the borehole wall upon 

application of a radial load and having a smaller elastic radial 

deformation than the surrounding formation upon application of said 

load, and applying said radial load to the casing thereby radially 

expanding the casing against the borehole wall so as to induce a 

compressive force between the casing and the surrounding formation. 

2. The method of claim 1, wherein-said material of the casing is 

capable of sustaining a plastic deformation of at least 25% 

uni-axial strain. 

3. The method of claim 1 or 2, wherein said casing forms an 

intermediate casing located between a surface casing arranged in an 

upper part of the vellbore and a production casing arranged in a 

lower part of the wellbore. 

4. The method of one of claims 1-3, wherein a sealing material in 

a fluidic state is pumped between the casing and the borehole wall 

prior to applying said radial load to the casing. 

5. The method of one of claims 1-4, wherein at least part of said 

radial load is applied to the casing by moving an expander through 

the casing, which expander has a larger outer diameter than the 

inner diameter of the casing. 

6. The method of claim 5, wherein said expander is provided with 

rollers which are capable of rolling along the inner surface of the 

casing when the expander is rotated, and the step of applying the 

radial load comprises simultaneously rotating the expander and 

moving the expander through the casing. 
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7. The method of claim 5 or 6, wherein an internal pressure is 

applied to the casing when the expander is mcv d through th casing 

so as t   promote radial expansion of the casing. 

8. The method of one of claims 1-4. wherein at least part of said 

radial load is applied to the casing by locating a hydraulic 

expansion tool in the casing and expanding said tool. 

9. The method of one of claims 1-8. wherein the casing is heated 
during radial expansion thereof. 

10. The method of one of claims 1-9. wherein said casing is stored 

on a reel before being lowered into the borehole and unreeled from 

the reel during lowering Into the borehole. 

11. The method of one of claims 1-10, wherein said casing is used 

as a drill string during drilling of rhe borehole. 

12. The method substantially as described hereinbefore with 
15       reference to the drawings. 

13. A wellbore created according to the method of one of claims 
1-12. 



WO 93/25799 
PCI7EP93/01459 





INTERNATIONAL SEARCH REPORT 
latmUiMal Application No 

I-Q^SOTCATION OF SUBJECT MATTE* fl, cj^^o. wtv. iB4ial. ^ 
Acttc.Bg to UurmodooiJ PM«t CUoificuioo (IPC) „ ,„ bck Na»„] CUwficboo IP<-  
Int.Cl. 5 E21B43/10; E21B7/20; E21B33/14 

fl. FIELDS SEARCHED 

Purification Synm 

Int.CI. 5 

MiAiotui Doourattdott S*nW 

CUttWcattoo Symbols 

E21B 

OooiMUtioo S«utM other 
to tin Ext cat thAt nick DOOIMMS 

tkxm Mianua DoouMBtuk* 
■rt Udt>4«4 bl tht fUSit 

PCT/EP 93/01459 

Pl> DOCUMENTS CONSIDERED TO BE »n TVAJST* 
of Do. 

US.A.3 477 506 (B.C.MALONE) 
11 November 1969 
see column 4, line 38 - line 54 
see column 6, line 30 - line 44; figures 
1, z 

USftAftl 233 888 (R.E.LEONARD) 
17 July 1917 ' 
see page 2, line 96 - line 104 
see page 3, line 95 - line 97 

*M*'2 4f ,5?! <V-J-BEISSINGER ET AL.) 
24 August 1948 
see column 5, line 48 - line 62; figures 

'A* c *a 
to to of 1 PBSSwiSsy*m ****u ** 

om or tttm tb« l flJiAgistt 
oay tWim Aoiki em priority cU 

»*«lto tmUi* KM ortticuE. ten of 
or othor sfdMl MM (as soodM) 

| rv. CERTIFICATION 

30 AUGUST 1993 

Sow5uii|AaSrt5" 

EUROPEAN PATENT FFICE 

l of oortkotar Niovtoo; tfco doiaotf I 

L5 22S^^<^iiii,w too. 

ofttoai 

1 3. GiS3 

Slputor* of Aot»orlx«J OfflaT 

RAMPELMANN K. 

So** Report 



HI. DOCUMENTS CONSIDERED TO BE RELEVANT 
iirf DP 

iBt^aMooilAwHoDeo N» 
(CONTINUED FKOM THE SECOND SHUT) 

US.A.3 693 717 (P.C.WUENSCHEL) 
26 September 1972 
see column 3, line 41 - line 60 

EP.A.O 397 874 (TATARSKY PROEKTNY INSTITUT 
NEFTYANOI PROMYSHLENNOSTI) 
ZZ November 1990 
see page 8, line 3 - line 24; figures 7,8 

EP,A,0 377 486 (SUBTERRA LTD.) 
11 July 1990 
see abstract 
see column 2, line 47 - line 53 

US,A,3 945 444 (G.L.KNUDSON) 
23 March 1976 
see column 3, line 58 - column 4, line 6 

EP,A,0 397 875 (TATARSKY PROEKTNY INSTITUT 
NEFTYANOI PROMYSHLENNOSTI) 
22 November 1990 
see page 5, line 33 - page 6, line 12 

PATENT ABSTRACTS OF JAPAN 
vol. 10, no. 234 (M-507)14 August 1986 
4 JP,A,61 067 528 ( NIPPON STEEL CORP. ) 7 
April 1986 
see abstract 

309 (TATARSKY PROEKTNY INSTITUT 
NEFTYANOI PROMYSHLENNOSTI) 
7 February 1990 
see page 8, line 7 - line 12; figure 2 

PCT/EP 93/01459 

MmMtoCUiaNo. 

5-7 

9,10 

11 

5-7 



ANNEX-TO THE INTERNATIONAL SEARCH REPORT 
ON INTERNATIONAL PATENT APPLICATION NO.      EP 9301459 

SA 75149 

•on eaaex 6sti the patcat family ncobcn relating to (he patnt document! cited is the above-meacioBed 
The neabtti are as contained ia Che European Patcat Office EDP file en 
The European Patcat Office is ia BO way liable far these particulars which ate raerdy tivea for the -urpoee el iafi 

rep vft* 

30/08/93 

Patcat doaancat 
died ia search report 

Pubtiattoa Patcat family Pabfeatiea 

US-A-3477506 11-11-69 None 

US-A-1233888 None 

US-A-2447629 None 

US-A-3693717 26-09-72 US-A- 3812912 28-05-74 

EP-A-0397874 99.11-Oft WU-A- 7UU3833 31-05-90 
All O 07-05-92 
AU A "3 1 QQOOQ 3ioo3o9 12-06-90 
Uo-A— oUoJbUo 28-01-92 

EP-A-0377486 11-07-90 GB-A.B 2227545 01-08-90 

US-A-3945444 23-03-76 None 
 — 

EP-A-0397875 22-11-90 WO-A- 9005831 31-05-90 
AU-B- 621350 12-03-92 
AU-A- 3189889 12-06-90 
US-A- 5014779 14-05-91 

EP-A-0353309 07-02-90 SU-A- 1679030 23-09-91 
AU-B- 606777 14-02-91 
AU-A- 2939589 11-08-89 
CA-A- 1301635 26-05-92 
CN-A- 1034973 23-08-89 
W0-A- 8906739 27-07-89 
US-A- 4976322 11-12-90 

F*ri i: mm Official JMVMI «f tfa» Oflfc* N*. 12/12 


